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Summary of Proposa 1 
Previous experiments w i t h  moving p l a t f o r m  posturography have shown t h a t  
d i f f e r e n t  people have va ry ing  a b i l i t i e s  t o  resolve c o n f l i c t s  among v e s t i b u l a r ,  
v i s u a l  , and p r o p r i o c e p t i v e  sensory s ignals .  I n  p a r t i c u l a r ,  there i s  one c l a s s  
of subjects  w i t h  a v e s t i b u l a r  d isorder  known as benign paroxysmal p o s i t i o n a l  
v e r t i g o  (BPPV) who o f t e n  a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  i naccu ra te  v i s u a l  
i n fo rma t ion .  That i s ,  they w i l l  use v i sua l  sensory i n f o r m a t i o n  f o r  the c o n t r o l  
of t h e i r  posture even when t h a t  v isual  i n f o r m a t i o n  i s  i naccu ra te  and i s  i n  
c o n f l i c t  w i t h  accurate p r o p r i o c e p t i v e  and v e s t i b u l a r  sensory s ignals .  BPPV has 
been associated w i t h  d i so rde rs  of both p o s t e r i o r  s e m i c i r c u l a r  canal f u n c t i o n  
and p o s s i b l y  o t o l i t h  funct ion.  The conceptual bas i s  o f  the present  proposal  
hinges on the s i m i l a r i t i e s  between the space motion s ickness problem and the 
sensory o r i e n t a t i o n  reference s e l e c t i o n  problems associated w i t h  the BPPV 
syndrome. These s i m i l a r i t i e s  i nc lude  both e t i o l o g y  r e l a t e d  t o  abnormal 
v e r t i c a l  c a n a l - o t o l i t h  funct ion,  and motion sickness i n i t i a t i n g  events provoked 
by p i t c h  and r o l l  head movements. 
The o b j e c t i v e s  o f  t h i s  proposal were developed t o  f u r t h e r  exp lo re  and q u a n t i f y  
the o r i e n t a t i o n  reference s e l e c t i o n  a b i l i t i e s  o f  sub jec ts  and the r e l a t i o n ,  i f  
any, between motion sickness and o r i e n t a t i o n  reference s e l e c t i o n .  The o v e r a l l  
o b j e c t i v e s  o f  t h i s  proposal are t o  determine (1) i f  motion s ickness 
s u s c e p t i b i l i t y  i s  r e l a t e d  t o  sensory o r i e n t a t i o n  reference s e l e c t i o n  a b i l i t i e s  
o f  subjects,  ( 2 )  i f  abnormal v e r t i c a l  c a n a l - o t o l i t h  f u n c t i o n  i s  the source o f  
these abnormal posture c o n t r o l  s t r a t e g i e s  and i f  i t  can be q u a n t i f i e d  by 
v e s t i b u l a r  and oculomotor r e f l e x  measurements, and (3 )  i f  q u a n t i f i a b l e  measures 
o f  pe rcep t ion  o f  v e s t i b u l a r  and v i sua l  motion cues can be r e l a t e d  t o  mot ion 
s ickness s u s c e p t i b i l i t y  and t o  o r i e n t a t i o n  reference s e l e c t i o n  a b i l i t y  
demonstrated by t e s t s  which sys temat i ca l l y  c o n t r o l  the sensory i n f o r m a t i o n  
a v a i  1 ab1 e f o r  o r i  enta ti on. 
Summary o f  P r o j e c t  Status 
Three t e s t  devices a re  requ i red  f o r  the proposed experiments. They a re  (1) 
moving posture p la t form,  ( 2 )  servo c o n t r o l l e d  v e r t i c a l  a x i s  r o t a t i o n  c h a i r  w i t h  
an independent ly c o n t r o l l a b l e  o p t o k i n e t i c  s t i m u l a t o r ,  and ( 3 )  servo c o n t r o l l e d ,  
h y d r a u l i c  powered two-axis r o t a t i o n  c h a i r  f o r  the generat ion o f  p i t c h  and r o l l  
motions. The f i r s t  two devices a r e  c u r r e n t l y  f u n c t i o n a l  and a r e  r o u t i n e l y  used 
f o r  b o t h  c l i n i c a l  and research tes t i ng .  The t h i r d  device i s  under development. 
The development o f  the t h i s  two-axis r o t a t o r  has been a major focus i n  the 
f i r s t  h a l f  o f  t h i s  p r o j e c t  year and w i l l  be descr ibed i n  more d e t a i l  below. 
The second major focus was t o  begin p r e l i m i n a r y  experiments us ing the 
perceptual  feedback technique developed by Zacharias and Young (Exp Bra in  Res, 
41:159-171, 1981). This p r o j e c t  requ i red  both hardware m o d i f i c a t i o n  of 
e l e c t r o n i c s  f o r  our v e r t i c a l  a x i s  r o t a t i o n  c h a i r  and development o f  sof tware 
f o r  t he  c o n t r o l  o f  the experiment and data c o l l e c t i o n ,  and software f o r  the 
a n a l y s i s  o f  the data. 
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Two-axis Rota t o r  Development 
The two-axis r o t a t o r  has been under development f o r  the pas t  two years. Most 
o f  the funds f o r  t h i s  development came from s t a r t u p  money associated w i t h  the 
P I ' S  move t o  Good Samaritan Hospi ta l .  Add i t i ona l  funds i n  the c u r r e n t  NASA 
p r o j e c t  a re  suppor t ing the f i n a l  phases o f  development. F igure 1 shows a l i n e  
drawing of the r o t a t o r .  It c o n s i s t s  o f  two gimbals powered by r o t a r y  h y d r a u l i c  
actuators .  The inne r  gimbal produces yaw a x i s  r o t a t i o n s  o f  the sub jec t .  The 
ou te r  gimbal r o t a t e s  the s u b j e c t  about a h o r i z o n t a l  a x i s  which passes through 
the s u b j e c t ' s  ears. F igures 2 shows photographs o f  the two-axis r o t a t o r  taken 
on February 9, 1987 i n  a machine shop i n  Pi t tsburgh,  PA where i t  was 
constructed. The device has s ince been shipped t o  us and we have begun i t s  
i n s t a l l a t i o n .  We have been prepar ing f o r  the a r r i v a l  o f  the device by 
c o n s t r u c t i n g  the e l e c t r o n i c  c i r c u i t s  necessary f o r  the h y d r a u l i c  servo system. 
These c i r c u i t s  have been completed f o r  the yaw a x i s  d r i ve ,  and are 90% 
completed f o r  the p i t c h  a x i s  d r i ve .  The c o n t r o l  c i r c u i t s  p rov ide  f o r  both 
p o s i t i o n  and v e l o c i t y  servo c o n t r o l  loops, and the a b i l i t y  t o  s w i t c h  between 
the loops under computer c o n t r o l .  The c i r c u i t s  i n c l u d e  an a d j u s t a b l e  
compensation network which can f i n e  tune the dynamic p r o p e r t i e s  o f  the servo 
loops. Add i t i ona l  c i r c u i t s  have been completed f o r  the b u f f e r i n g  and s c a l i n g  
o f  p o s i t i o n  and v e l o c i t y  s i g n a l s  from the yaw and p i t c h  actuators ,  and a s a f e t y  
shutdown c i r c u i t  which shunts the hyd rau l i c  supply pressure and t u r n s  o f f  the 
pump if e i t h e r  o f  the axes move o u t  o f  range. A d d i t i o n a l l y  t he re  a r e  f l u i d i c  
shock absorbers t o  cushion the stop i f  the device were t o  go o u t  o f  c o n t r o l .  
A p r e l i m i n a r y  s t imulus c o n t r o l  program has been w r i t t e n  f o r  the LSI 11/73 
computer which i n t e r f a c e s  w i t h  the two-axis r o t a t o r .  The program prov ides f o r  
t u r n i  ng on and o f f  h y d r a u l i c  power, swi t c h i  ng be tween pos i  ti on and ve l  oc i  t y  
servo loop modes, zero ing o f  d r i f t  i n  v e l o c i t y  mode, and d e l i v e r i n g  s inuso ida l  
and square wave s t i m u l i .  This program i s  c u r r e n t l y  used f o r  c a l i b r a t i n g  and 
a d j u s t i n g  servo loop compensa ti on networks. The program w i  11 l a t e r  be expanded 
i n t o  a f u l l  data c o l l e c t i o n  and st imulus c o n t r o l  program. 
Pe r cep t ua 1 Feedback Ex pe r  i men t s 
i n  1981, Zacharias and Yoiing presented a method which a l lowed f o r  the 
q u a n t i f i c a t i o n  o f  a s u b j e c t ' s  percept ion o f  r o t a t i o n  under the combined 
i n f l u e n c e  o f  v i sua l  and v e s t i b u l a r  cues. I n  t h i s  technique, the sub jec t  has 
c o n t r o l  over the r o t a t i o n a l  mot ion o f  the c h a i r  by a d j u s t i n g  a potent iometer.  
The sub jec ts  are seated i n  the v e r t i c a l  a x i s  r o t a t i o n  t e s t  room w i t h  the 
potent iometer  mounted on the arm o f  the cha i r .  The ou tpu t  o f  t h i s  
potent iometer  i s  summed w i t h  the v e l o c i t y  command s igna l  from a computer and 
t h i s  summed s igna l  i s  d e l i v e r e d  t o  the v e l o c i t y  command i n p u t  o f  the c h a i r ' s  
servo motor. A " p e r f e c t "  s u b j e c t  would be ab le  t o  ho ld  themself  s t a t i o n a r y  i n  
space by  a d j u s t i n g  the potent iometer  so t h a t  i t s  ou tpu t  was equal b u t  opposi te 
t o  the computer's command s igna l .  "Real" subjects  do n o t  remain s t a t i o n a r y  
because o f  the dynamics o f  the motion percept ion and motor r e a c t i o n  systems, 
and because o f  presumed imbalances i n  the v e s t i b u l a r  receptors.  
The r o t a t i o n  o f  the s u b j e c t ' s  c h a i r  and the v i s u a l  surround can be 
independent ly manipulated. We have used 6 d i f f e r e n t  sensory environments f o r  
our p r e l i m i n a r y  experiments. These inc lude (1) c h a i r  r o t a t i o n  i n  the dark, ( 2 )  
r o t a t i o n  o f  the v i sua l  surround w i t h  the c h a i r  s ta t i ona ry ,  ( 3 )  c h a i r  r o t a t i o n  
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w i t h  the v i s u a l  surround v e l o c i t y  equal t o  the c h a i r  v e l o c i t y ,  ( 4 )  c h a i r  
r o t a t i o n  w i t h  a constant v e l o c i t y  surround, (5) c h a i r  r o t a t i o n  w i t h  the 
v e l o c i t y  o f  the v i s u a l  surround equal t o  the c h a i r  v e l o c i t y  p l u s  a constant, 
and ( 6 )  c h a i r  r o t a t i o n  w i t h  a s t a t i o n a r y  v i s u a l  surround. Condi t ion ( 2 )  i s  
used t o  t e s t  the motor c o n t r o l  dynamics of the subject .  Condi t ions (1) and 
( 3 ) - ( 6 )  represent  a v a r i e t y  of sensory environments i n  which the sub jec t  i s  
forced t o  deal w i t h  e i t h e r  accurate, inaccurate,  c o n f l i c t i n g ,  o r  absent sensory 
cues about t h e i r  motion. 
The hardware has been mod i f i ed  i n  our v e r t i c a l  a x i s  r o t a t i o n  t e s t  room t o  
accommodate these perceptual  feedback experiments. A d d i t i o n a l l y  we have 
w r i t t e n  a s t imu lus  c o n t r o l  and data c o l l e c t i o n  program f o r  these experiments. 
We can de f i ne  e i t h e r  a sum-of-sines o r  pseudorandom s t imu lus  or  a s i n g l e  
frequency s inuso ida l  s t imulus which the sub jec t  must balance o u t  under the 
var ious sensory environments. The program c o l l e c t s  6 channels o f  data a t  100 
samples per second. These channels i nc lude  c h a i r  v e l o c i t y ,  o p t o k i n e t i c  
p r o j e c t o r  v e l o c i t y ,  c h a i r  command v e l o c i t y  ( f rom the computer), o p t o k i n e t i c  
p r o j e c t o r  command v e l o c i t y ,  the sub jec t ' s  feedback potent iometer  s igna l ,  and 
h o r i z o n t a l  eye p o s i t i o n  recorded from an EOG a m p l i f i e r .  Th is  data i s  s to red  i n  
a d i s k  f i l e  f o r  l a t e r  analys is .  We have a l s o  w r i t t e n  a p r e l i m i n a r y  data 
a n a l y s i s  program which a t  t h i s  p o i n t  cons i s t s  o f  s imply  p r i n t i n g  o u t  and 
l a b e l i n g  the s i x  channels o f  data from the var ious t e s t  cond i t i ons .  
Resul ts  from three d i f f e r e n t  subjects under c o n d i t i o n  (11, r o t a t i o n  i n  the 
dark, a re  shown i n  F igures 3-5. One o f  these sub jec ts  was ab le  t o  remain 
n e a r l y  s t a t i o n a r y  throughout the  t e s t  (F igure 3, top t race ) .  The o the r  two, 
shown i n  Figures 4 and 5, d r i f t e d  s low ly  t o  the l e f t .  These r e s u l t s  are 
s i m i l a r  t o  those obtained by Zacharias and Young, a l though they d i d  n o t  t e s t  
t h e i r  sub jec ts  i n  a dark environment. This d r i f t  was a t t r i b u t e d  t o  poss ib le  
biases i n t roduced  by imbalances between the  two ears. 
The goal of these p r e l i m i n a r y  experiments i s  t o  (1) gain experience w i t h  t h i s  
technique, (2) v e r i f y  the r e s u l t s  o f  Zacharias and Young, ( 3 )  extend the 
r e s u l t s  o f  Zacharias and Young by  i n c l u d i n g  a d d i t i o n a l  sensory environments, 
and ( 4 )  determine the consistency o f  r e s u l t s  f o r  i n d i v i d u a l  subjects  tes ted  
over time. These techniques w i l l  l a t e r  be extended t o  the two-axis r o t a t o r ,  
compared w i t h  r e s u l t s  of moving p la t fo rm posturography, and c o r r e l a t e d  w i t h  the 
r e s u l t s  o f  v e s t i b u l a r  and oculomotor r e f l e x  measurements and measurements o f  
mot ion s ickness s u s c e p t i b i l i t y .  
Addi ti ona 1 Nork 
We have purchased a small servo motor, c o n t r o l l e r ,  and power supply f o r  use i n  
an o p t o k i n e t i c  s t i m u l a t o r  f o r  the two-axis r o t a t i o n  device. The design o f  t h i s  
p r o j e c t o r  i s  n e a r l y  completed and pa r t s  f o r  i t s  c o n s t r u c t i o n  have been ordered. 
This  p r o j e c t o r  w i l l  be movable i n  order t o  a l l o w  b o t h  h o r i z o n t a l  o r  v e r t i c a l  
motions o f  the v i s u a l  st imulus.  
Other e f f o r t s  i n c l u d e  the completion o f  the data a n a l y s i s  o f  the 200 normal 
subjects .  D a t a  from these subjects  was c o l l e c t e d  as p a r t  o f  prev ious NASA 
p r o j e c t s  (NCC9-8 and NAG 9-117). A paper based on t h i s  data was presented a t  
the Associat ion f o r  Research i n  Otolaryngology meeting i n  February 1987. A 
copy o f  t h i s  a b s t r a c t  i s  a t tached a t  the end o f  t h i s  r e p o r t .  Two papers f o r  
p u b l i c a t i o n  a re  n e a r l y  completed, and w i l l  be submit ted t o  Experimental B ra in  
Research i n  the next  month. 
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AGE RELATED CHANGES I N  HUMAN VESTIBULOOCULAR AND YESTIBULOSPlNAL REFLEX 
FUNCTION. *R.J. Peterka, F.O. Black, C.D. Newell, and M.B. Schoenhoff.. 
Neurological Sciences I n s t i  t s  a n d p a r t m e n t  o f  Neuro-otology, Good 
Samartitan Hospi ta l  and Medical Center, Portland, Oregon 97210. 
The funct ion o f  the ves t ibu loocu la r  r e f l e x  ( V O R )  and ves t i bu losp ina l  ( V S )  
systems was tested i n  216 normal human subjects aged 7 t o  81 years. The 
d i s t r i b u t i o n  o f  ages was near l y  uniform. A l l  subjects met c r i t e r i a  which 
included normal age cor rec ted  aud i to ry  funct ion,  negat ive h i s t o r i e s  of 
dizziness or e q u i l i b r i u m  problems, neuro log ica l  problems, o t o t o x i c  drug use, o r  
head blows o f  s u f f i c i e n t  magnitude t o  cause loss o f  consciousness or  s k u l l  
' fracture. 
VOR t e s t s  were performed i n  the dark and included s inuso ida l  r o t a t i o n s  
about a v e r t i c a l  a x i s  a t  0.05, 0.2, and 0.8 Hz and a pseudorandom st imulus 
cons is t i ng  o f  the sumnation o f  8 s inusoida l  components from 0.01 TO 1.5 Hz. 
Slow phase eye v e l o c i t y  responses were analyzed. t o  ob ta in  VOR gain, phase, 
average value, and asymmetry. 
YS t e s t i n g  was performed w i t h  a sub jec t  standing on a p l a t f o r m  and w i t h i n  
a v i sua l  f i e l d  enclosure. Both the p la t fo rm and v isua l  f i e l d  could be 
independently r o t a t e d  about the  ankle j o i n t  ax is .  The an te r io r -pos te r io r  body 
sway o f  the sub jec t  was monitored by a potentiometer w i t h  a wand attached a t  
the sub jec t ' s  hip. Each sub jec t  was asked t o  stand dur ing s i x  20 second t r i a l s  
du r ing  which they were exposed t o  var ious combinations o f  eyes open, eyes 
closed, and p la t fo rm and/or v i sua l  f i e l d  ro ta t i ons .  P la t fo rm and v i sua l  f i e l d  
r o t a t i o n s  were always i n  the d i r e c t i o n  o f  and i n  p ropor t i on  t o  the sub jec t ' s  
ac tua l  body sway. Rotat ions o f  t h i s  type l i m i t  the p rop r iocep t i ve  and v isua l  
sensory in fo rmat ion  a v a i l a b l e  f o r  the con t ro l  o f  posture. 
Age r e l a t e d  trends were observed i n  both VOR and VS func t ion .  There were 
s i g n i f i c a n t  VOR gain decreases a t  a l l  t e s t  frequencies and phase increases a t  
0.2 Hz and above w i t h  inc reas ing  age. There was a small b u t  i n s i g n i f i c a n t  
decrease i n  the VOR t i m e  constant w i t h  an associated small  increase i n  low 
frequency phase leads. A l l  trends i n  VOR response parameters were small w i t h  
respec t  t o  the o v e r a l l  v a r i a b i l i t y  o f  the dat?. Decreasing VS func t ion  w i t h  
i nc reas ing  age was revealed by the increased number of f a l l s  on t w o  or more o f  
the  s i x  posture t e s t  t r i a l s .  Subjects 60 and o lde r  accounted f o r  54% o f  these 
f a l l s .  The pa t te rn  o f  f a l l s  was. n o t  random, b u t  occurred most ly on two p a i r s  
o f  t r i a l s .  One p a i r  consisted o f  t r i a l s  i n  which the v i sua l  f i e l d  r o t a t e d  i n  
p ropor t i on  t o  the sub jec t ' s  sway i n d i c a t i n g  t h a t  these subjects r e l i e d  
p r i m a r i l y  on v i s ion  f o r  the cont ro l  of t h e i r  balance. The o ther  p a i r  consisted 
o f  t r i a l s  i n  which bo th  p ropr iocept ive  and v i sua l  i n fo rma t ion  were removed 
f o r c i n g  the subject  t o  use only  ves t ibu la r  cues. 
Subjects who f e l l  two o r  more times dur ing VS t e s t i n g  where more l i k e l y  t o  
have VOR response parameters on the  f r i n g e s  o f  the popu la t ion  d i s t r i b u t i o n s .  
Th is  ind ica tes  t h a t  sub jec ts  who f e l l  on two or  more t r i a l s  had v e s t i b u l a r  
f u n c t i o n  which was impaired w i t h  respect t o  the remainder o f  the populat ion.  
Mi t h i n  t h i s  selected normal population, one could reasonably conclude t h a t  
about 10: o f  the popu la t ion  had s i g n i f i c a n t  func t iona l  v e s t i b u l a r  d e f i c i t s ,  and 
t h a t  most of these d e f i c i t s  occurred i n  o lder  subjects.  
Subjects were n o t  re jec ted  based on ves t i bu la r  t e s t  r e s u l t s .  
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